Six Tahitian liverworts, Trichocolea pluma, Chandonanthus hirtellus, Mastigophora diclados, Jungermannia sp., Plagiochila sp. and Cyathodium foetidissimum were chemically investigated. All of these liverworts produce their own characteristic compounds. Vanillic acid methyl ester was isolated for the first time from T. pluma. Skatol is responsible for the very intense unpleasant odor of C. foetidissimum. Herbertane-type sesquiterpenoids are peculiar components of M. diclados, and fusicoccane-type diterpenoids were identified in Pagiochila sp. Cembranes and ent-verticillanes were isolated from C. hirtellus and also detected in Jungermannia species. C. hirtellus also biosynthesizes algal components and such results may suggest that some liverworts originate from algae.
The Marchantiophyta (liverworts) are spore forming plants that can grow in almost every available habitat, although most often in humid locations, especially in tropical rainforests. The southern hemisphere is a region of extraordinarily high liverworts diversity with many endemic species [1] .
Liverworts have yielded a rich array of secondary metabolites, which are mainly terpenoids and aromatic compounds [2, 3] . Many of these can be used as chemosystematic markers and help during the identification process, because liverworts are very small plants and their morphological classification is extremely difficult [4, 5] . However, it is known that geographical differences in the main components are occasionally observed for the same species [2] [3] [4] [5] ; therefore collections from different habitats should be investigated.
In continuation of our investigations on the chemistry of southern hemispheric liverworts, we report here the analysis of the volatile components of selected liverwort species collected in Tahiti (French Polynesia). The ether extracts of six liverwort species 
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Marchantiales Cyathodiaceae * Classification of liverworts according to [9] . (Table 1) were investigated by GC-MS. All known compounds were identified by comparing their mass spectra, retention times and retention indices with those of authentic samples, computer supported spectral library [6] , literature [7, 8] and our library databases.
In the case of Trichocolea pluma and Chandonanthus hirtellus, the remaining extracts were further chromatographed on silica gel and/or Sephadex LH-20. The structures of isolated compounds were characterized by spectroscopic methods. The identified volatile components from the investigated liverworts are listed in Table 2 in order of their elution from the HP-5MS column. 
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GC-MS analysis of T. pluma (Trichocoleaceae) collected in Tahiti showed that this liverwort biosynthesized a large amount of methyl 4-hydroxy-3-methoxy benzoate (1) (46% of total volatiles). To confirm these data we carried out isolation of this compound from the remaining extract. A combination of silica gel and size exclusion (Sephadex LH-20) chromatography gave compound 1, whose physical and spectral data were identical to those reported in the literature [10, 11] . This is the first record of vanillic acid methyl ester (1) in the Marchantiophyta. The Trichocolea genus is known for containing isoprenyl phenyl ethers, which are chemical markers of this genus [1] [2] [3] [4] 12, 13] . The investigated species also produced such compounds; deoxytomentellin (2), tomentellin (3) and (E)-isotomentellin (4) were detected. Besides aromatic compounds, monoterpenoids and sesquiterpenoids are also present in this liverwort; (E)- (5) and (Z)-ocimenone (6), both oxygenated monoterpenes, are the main terpenoids detected in this species. In the ether extract of T. pluma, elemental sulfur (S 8 ) has also been detected. Asakawa [3] mentioned that T. tomentella emits a sulfur-like scent. The present results confirm the occurrence of sulfur in the genus Trichocolea. The investigations concerning the presence of elemental sulfur in higher plants reveal that S 8 is endogenous in many plants and its possible function is as part of an antifungal defense system [14] .
C. hirtellus is a leafy liverwort belonging to the Scapaniaceae family. In the previous classification of liverworts, Chandonanthus was placed in the Lophoziaceae [15] ; the new classification united the Lophoziaceae, Scapaniaceae and Chaetophyllopsidaceae in the one Scapaniaceae family [9] . In the ether extract of the Tahitian species, 22 volatile components were identified. This liverwort produced mainly diterpenoids: Cembranes, fusicoccanes and verticillanes were detected. The genus Chandonanthus is known for the presence of cembrane-type diterpenoids, which are chemical markers of this liverwort [3, 4, 16, 17] . The investigated species produced chandonanthone (7), which was previously detected in the Japanese, Taiwanese and Chinese collections [3, 17] , and also cembrene (thunbergene) (8) and cembrene A (9). Interestingly, this liverwort produces ent-verticillol (11) and ent-epiverticillol (12) . Until this finding, ent-verticilane-type diterpenoids had been found only in Jackiella javanica (Jackiellaceae) [18, 19] . The verticillane and cembrane diterpene skeletons can be considered as biogenetically related and it was suggested that both have a common biogenetic precursor [20, 21] . The third type of diterpenoid biosynthesized by this species is fusiccocanes; fusicocca-3,5-diene (13), fusicocca-2,5-diene (14) and fusicogigantepoxide (15) were identified. Several fusicoccanes have been isolated from the Lophoziaceae, Pleuroziaceae, Plagiochilaceae, Lejeuneaceae, Riccardiaceae, and The Tahitian C. hirtellus is a very interesting liverwort, not only because of the presence of cembranes and verticillanes, but also because of the presence of acetogenins. The volatiles contain (E)-ectocarpene (16) and dictyotene (17) , compounds previously reported in brown algae [22] . Recently, dictyotene and two other acetogenins were detected in the Greek Fossombronia angulasa [23] . Such chemical similarity suggests that some families of liverworts and algae may have an evolutionary relationship. (11) and traces of cembrenes A (9) and C (10) were identified. This is the first report of the presence of cembranes and verticillanes in a Jungermannia species. As mentioned earlier, the co-occurrence of cembranes and verticillanes is obvious from a biogenetical point of view [20, 21] .
Mastigophora diclados
The genus Plagiochilla is one of the largest neotropical and tropical liverwort genera. More than 1600 species of Plagiochila are divided mainly into two chemotypes; pungent and non-pungent species [2] [3] [4] . The investigated Plagiochila sp. collected in Tahiti belongs to the non-pungent chemotype. This species produced mainly sesquiterpenoids. Eudesma-5,7(11)-diene (20.9%) (26), bicyclogermacrene (13.2%) (23) and bicycloelemene (10.8%) (27) were the main components detected in the ether extract. This liverwort also produced fusicoccane-type diterpenoids; fusicocca-3,5-diene (13) and fusicocca-2,5-diene (14) were identified. Fusicoccanes have been found previously in a few Plagiochilla species, for example, P. sciophilla, P. corrugata and P. moritziana [3, 4] .
The last analyzed Tahitian liverwort was Cyathodium foetidissimum, a thallose liverwort belonging to the Cyathodiaceae family. This liverwort is characterized by a very intense unpleasant odor. GC-MS analysis of the ether extract showed the presence of skatole (28), which is the well known compound produced by biodegradation of tryptophan and is responsible for the fecal odor of this liverwort. This is the second record of skatole (28) in the Marchantiophyta. This compound was detected for the first time in an Asterella (?) like liverwort collected in Malaysia [24] . C. foetidissimum also biosynthesized izolepidozene (3.1%) (29) and lunularin (2.4%) (30). Izopepidozene (29), the diastereomer of bicyclogermacrene (23), is known as the main volatile component of Conocephalum japonicum and Marchantia tosana [23] . Lunularin (30) was previously isolated from or detected in Dumortiera hirsuta, Marchantia polymorpha, M. chenopoda, M. berteroana, M. paleacea var. diptera and Ricciocarpos natans [3] . All the investigated Tahitian liverworts are chemically different; each species produces its own peculiar compounds, some of which are chemical markers for the liverwort species. T. pluma biosynthesizes characteristic isoprenyl phenyl ethers (2-4), cembrane-type diterpenoids (7) (8) (9) are peculiar to C. hirtellus, fusicoccane-type diterpenoids (13, 14) to Plagiochila sp., and herbertane-type sesquiterpenoids to M. diclados.
The most characteristic chemical phenomenon of liverworts is that 80% of the sesqui-and diterpenoids are enantiomers of those found in higher plants [2, 3] . This phenomenon also concerns verticillane-type diterpenoids. Up to now only one liverwort was known for the presence of ent-verticillanes [18, 19] . In this paper we record two other liverworts, C. hirtellus and an unidentified Jungermannia species, which also biosynthesize such compounds, together with cembranoids. Cembranes are formed by the enzymatic cyclization of geranylgeranyl pyrophosphate. The bicyclic verticillane skeleton is the result of further cyclization of cembranes [20, 25] .
The chemically analyzed Tahitian liverworts also biosynthesize a few other interesting compounds:
(i) Vanillic acid methyl ester (1) was isolated for the first time from the Marchantiophyta (T. pluma).
(ii) C. foetidissimum produces skatol (28), which is only the second report of this compound in liverworts.
(iii) (E)-ectocarpene (16) o C. Carrier gas: He at 1 mL/min. The detector operated in electron impact mode (70eV with 3 scans/s and mass range m/z 40-500) at 230 o C. The retention indices were calculated relative to C8-C27 n-alkanes. Compounds were identified using computer supported spectral library [6] , mass spectra of reference compounds, as well as MS data from the literature [7, 8] and our library databases, and then the identities were confirmed by comparison of their retention indices with those of reference compounds and published data [7] .
Isolation:
The remaining extracts of Chandonanthus hirtellus and Trichocolea pluma were chromatographed on silica gel (Merck, Kiesel gel 60, 70-230 or 230-400 mesh) using a n-hexane-EtOAc gradient and on Sephadex LH-20 (Pharmacia Fine Chemicals) using MeOH-CH 2 Cl 2 (1:1) as the solvent. The isolated compounds were purified by HPLC using either Cosmosil 5SL-II (10 x 250 mm) or Cosmosil 5C18-AR (10 x 250 mm). The structures of the isolated compounds were determined by spectroscopic methods: 400 and 100 MHz (Bruker or Varian) for 1 H and 13 C NMR, respectively, and HREIMS (JEOL JMS AX-500) or FT-ICR-MS (Bruker, APEX-Q). The spectroscopic data of the isolated compounds were identical with those previously reported in the literature.
